We used the doubly labeled water (DLW) method to measure daily energy expenditure (DEE) in eight brother-sister pairs of free-living Marsh Harrier (Circus aeruginosus) nestlings. We calculated metabolizable energy intake (ME) from DEE and body-mass change. In each pair, males had lower body mass, DEE, and ME than their female siblings. On average, male body mass was 20%, DEE 19%, and ME 20% lower than that of female siblings. Thus, energy turnover was proportional to body mass. Because the average sex ratio at fiedging in Marsh Harriers is 55% male, and the energy requirement of sons is 45% of the son-daughter pair, this sex ratio matches exactly that predicted by Fisher's theory (1930). A literature review revealed that DEE (kJ/day) measured by DLW when nestlings were approximately 95% of asymptotic or fiedging mass scaled as 4.58 M 0.76 (where M = body mass in g) in 11 species of altricial nestlings, including the Marsh Harrier.
FISHER'S (1930) THEORY of equal allocation predicts offspring sex ratios at the end of parental care based on the cost of producing a son versus a daughter. This theory, however, does not identify the proximate mechanism that causes the predicted ratios. Apart from recent work on the Seychelles Warbler (Acrocephalus sechellensis; Komdeur et al. 1997), there is little evidence that birds can control the sex of their offspring at conception. A possible mechanism for altering the primary sex ratio is differential mortality of the sexes. In species in which males and females grow toward different body masses, energy requirements are expected to be higher for the heavier sex (Richner 1991). If parental investment is equal per unit of energy required, then the larger sex will be more costly to produce. Sex-specific energy requirements may well be instrumental in changing sex ratios at conception by selecting against the more costly sex when food conditions during the period in which parental care is provided are suboptimal.
In several laboratory studies of sexually sizedimorphic altricial species, the sex with the higher adult body mass had the highest energy requirement ). In contrast, field energy requirements of sexually size-dimorphic altricial species are not well established. A field study of Eurasian Sparrowhawk (Accipiter nisus) nestlings suggests that the larger sex does not necessarily consume more food (Newton 1978; but see Frumkin 1988). Although the methods used have been criticized (Anderson et al. 1993, Weathers 1996), it is theoretically possible that the smaller sex needs more energy for processes other than growth, such as competition for food, thermoregulation, digestive efficiency, or rate of maturation (Richter 1983 , Newgrain et al. 1993 ). On the other hand, in a study of free-living Rooks (Corvusfrugilegus), parents invested about 10% more in males (15% heavier) than in females (Slagsvoid et a1.1986).
The Marsh Harrier (Circus aeruginosus) is a diurnal bird of prey with pronounced reversed sexual size dimorphism (males 540 g, females 737 g; Glutz von Blotzheim et al. 1971). Based on visual observations (i.e. indirect), food intake of free-living male and female Marsh Harrier nestlings during the entire nestling period was equal (Witkowski 1989). In contrast, food intake of hand-reared nestlings determined by weighing over the entire nestling period was higher for females (K. Krijgsveld unpubl. data). Therefore, it is important to establish field energy requirements of nestlings more directly.
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Such information could further contribute to the understanding of the male bias (55%) in fledgling sex ratio in this species (Zijlstra et al.
1992).
In this study, we assessed daily energy expenditure (DEE) of Marsh Harrier nestlings in natural nests where both sexes were present. DEE was estimated using the doubly labeled water (DLW) method (Lifson and McClintock 1966) . From these measurements we further estimated metabolizable energy intake (ME) in order to assess the difference in costs between raising males versus females. The results were compared with a study in our laboratory in which Marsh Harrier nestlings were handraised under laboratory conditions (K. Krijgsveld unpubl. data). 
STUDY AREA AND METHODS

This study was conducted in the Lauwersmeer
RESULTS
Body mass and growth.--Body mass of male and female nestlings did not differ before 15 days of age (Fig. 1) . From day 15 onward, female nestlings were consistently and significantly heavier than males. Logistic growth curves of males had a significantly earlier inflection point and lower asymptotic body mass than those of females, but the growth constants were not statistically different (Table 1) .
Within pairs treated with DLW, male and female nestlings did not differ significantly in either age, number in hatching sequence, or growth rate (Table 2) Metabolizable energy intake.--Like DEE, ME was significantly higher for female nestlings than their male siblings (Fig. 3) , and mass-specific ME was not statistically different between sexes within pairs (males: 1.23 ---0.37 kJ g 1 day-1; females: 1.24 _ 0.19 kJ g-• day •). For males and females pooled, ME (kJ day •) scaled with body mass as: ME = 0.28 M 1'23 (4) (r 2 = 0.33, df = 15, P < 0.01). In a laboratory study, Karen Krijgsveld (unpubl. data) found that males and females ingested on average 954 and 1,148 kJ day -• of food, respectively, at 22 to 26 days of age. She further found an assimilation coefficient of 0.71 (no difference between the sexes), so that ME could be estimated at 677 kJ day • for males and 815 kJ day -• for females. On average, our estimates of field ME were only 3.2% lower in males and 0.7% higher in females than the laboratory measurements.
DISCUSSION
Marsh Harrier nestlings showed a growth pattern characteristic of birds of prey, with a clear distinction in asymptotic body mass between the sexes and a peak in body mass shortly before fledging (Collopy 1986, Dijkstra et al.
1990, Schaadt and Bird 1993, Negro et al. 1994).
In sexually size-dimorphic birds, the smaller sex grows at a relatively faster rate and matures at a higher rate (i.e. point of inflection earlier) than the larger sex, which grows at a higher absolute rate (Teather and Weatherhead 1994). In Marsh Harriers, asymptotic body mass was significantly different between males and females, and absolute growth rate over the entire nestling period averaged 20 g day -• for males and 25 g day -• for females. Furthermore, males reached the point of inflection at an earlier age than females (Table 1) 
. The growth constant was not statistically distinguishable between the sexes, as in the Osprey (Pandion haliaetus;
Schaadt and Bird 1993). Males matured faster than females, resulting in the capability to fledge at an earlier age (Witkowski 1989, B. Riedstra pers. obs.).
TABLE 1. Parameter estimates (-+SE) of the logistic growth curve for body mass in Marsh Harrier nestlings.
A is asymptotic body mass, k is the growth constant, and b is the inflection point. The doubly labeled water method has been used to measure field metabolic rate of growing altricial nestlings in only 10 studies in which:
(1) measurements were performed in the nestlings' natural physical and social environment, If all water ingested by a nestling originates exclusively from food items, then one can estimate ME from deuterium turnover rates, given the water and energy content of the prey (Fiala and Congdon 1983, Williams and Nagy 1985). Assuming 72.8% water content, 5.94 kJ g-• fresh mass of prey (Masman 1986), and an assimilation quotient of 0.71 (K. Krijgsveld unpubl. data), mean ME of all Marsh Harrier nestlings (males and females pooled) is estimated as 916 kJ day •, which is 177.4 kJ day • higher than the average ME derived from DEE and body-mass changes ( Table 2) . Every mL of water obtained by other means (i.e. by drinking) is wrongly counted as 8.2 kJ (energy content/ water content). The difference between the two estimates suggests that Marsh Harrier nestlings drank at least 21.5 mL of water. It is likely that Marsh Harrier nestlings ingested free water via rain, because every measured pair experienced at least one rain shower during the measuring period. Thus, in accordance with Fiala and Congdon (1983), we believe that estimating ME via deuterium turnover rates is unrealistic in our case.
Mean metabolizable energy intake in the field derived from DEE and body-mass changes is similar to ME measured in the laboratory (K. Krijgsveld unpubl. data). This does not mean that conditions (e.g. weather, prey availability, etc.) in the field were optimal for growth. For example, two males and two females treated with DLW decreased in body mass during the measurement period. Moreover, about 30% of all hatchlings in our study area died before fledging due to starvation (Zijlstra et al. 1992), suggesting that food was scarce.
Clearly, we cannot derive estimates of total energy requirements over the entire period from hatching to fledging from measurements of DEE and ME taken during a small part (age 22 to 26 days) of the nestling period. Our data suggest, however, that energy expenditure is directly proportional to body mass. If this proportionality holds for all ages, then the integrated body mass over the whole nestling period of males and females would yield a coarse estimate of relative energy requirements for the two sexes. Assuming a nestling period of 40 days (Witkowski 1989), we calculated the integrated mass of males to be 14,419 g-days and that of females to be 18,393 g-days. The ratio of integrated mass (male/female) is 0.784. Thus, we estimate the ratio of energy requirements of sons versus daughters to be 0.784. 
